INTRODUCTION
Since patient safety was acknowledged as a global healthcare priority, numerous strategies have been developed to improve safety. Education is one strategy that has been considered as one of the key elements necessary in order to improve the patient safety attitudes and practices of healthcare professionals. 1 2 As a key stakeholder in patient safety, the WHO has supported the
Strengths and limitations of this study
▪ This is the first study to evaluate the use of senior healthcare students to train junior healthcare students in patient safety principles. ▪ The effectiveness of a peer-led education intervention for junior pharmacy students was evaluated using a previously validated survey tool to measure patient safety attitudes. ▪ Latent growth curve analysis, a robust statistical method that enables both interindividual and intraindividual evaluation, was used to evaluate the differences in attitudinal changes between an intervention and comparator group. ▪ The results highlight that senior students can have an influential role in improving junior students' clinical practice attitudes and enhancing professional socialisation, which has implications for the development of all healthcare students curriculum.
implementation of patient safety education through the development of the Patient Safety Curriculum Guide, 3 which has been designed to assist curriculum development for all healthcare disciplines, including pharmacy. Despite education being considered a relatively simple solution, changing already full curricula can be challenging, compounded by limited resources and educators experienced in delivering patient safety-related education. 4 Prior to entering professional practice, there are a number of patient safety skills that healthcare students should have developed including: the ability to recognise and manage working in unsafe conditions; be able to take a systems approach to the provision of healthcare; and to be able to manage errors and their causal factors; as well as be able to openly disclose errors. 5 6 It has been shown that medical students that are trained in patient safety skills prior to entering their clinical training have the potential to prevent harm and save lives. 7 While many medical and nursing schools have embraced this and implemented junior curriculum changes, this has not been necessarily the case with many allied health curricula globally. Currently as part of many undergraduate pharmacy degree programmes, much of the patient safety training is delivered in the final years of the degrees. This, however, may be counterproductive to the students' professional development, as by this stage many pharmacy students have gained a significant amount of work experience either through experiential learning placements or through casual employment. As much of the patient safety training is focused on behavioural and practice issues, it is likely that suboptimal practices have already been developed by this stage. 8 9 In recognition of the importance of a good foundation in patient safety, it was planned that patient safety training for pharmacy students enrolled in the Bachelor of Pharmacy programme at the University of Sydney would be restructured with patient safety principles introduced from their first year of study. However, delivering effective practice-based education to a group of students at the infancy of their professional career also has challenges as a result of having students who are recent high school leavers with limited clinical experience. 10 Studies demonstrate that positive role models, encouragement and non-didactic learning methods are engaging and effective in improving knowledge and attitudes of students towards patient safety. 11 12 Hence, peer-led education was identified as a potential solution and has already been shown to build capacity and capability in delivering patient safety education. 13 14 By using senior students as educators and positive role models, it was thought that junior students would have the ability to relate to the subject matter in a less intimidating environment. 15 Therefore, the aim of this study was to evaluate the effectiveness of a peer-led patient safety education programme for junior pharmacy students, with the specific objectives of examining the effectiveness of the programme in changing their attitudes towards preclinical patient safety core skill areas: undertaking quality improvement activities, discussing errors, questioning unsafe behaviours and the open disclosure of errors.
METHODS
A pre-post intervention study design was used, with firstyear pharmacy students being surveyed on their patient safety attitudes prior to, immediately after and 1 month post-intervention. Second-year pharmacy students who did not receive the intervention were also surveyed at identical time points to act as a comparator group. Data were collected between May and October 2013.
Recruitment
The study sample was drawn from all 508 pharmacy students enrolled in the first (n=249) and second (n=259) years of the Bachelor of Pharmacy programme at the University of Sydney, Australia.
Peer leaders were recruited from final-year (fourth year) students (n=36) enrolled in the Bachelor of Pharmacy programme. Peer leaders were required to attend a training session which consisted of leadership skills as well as the specific patient safety concepts required to teach the workshop, to supplement comprehensive patient safety education received in their third year of the Bachelor of Pharmacy programme.
Intervention
An introductory patient safety programme was developed for implementation in the first-year Bachelor of Pharmacy curriculum. The programme was designed to integrate into a second semester clinical practice-based unit of study, which focuses on psychosocial elements of healthcare delivery. Specifically, the programme introduced students to a number of the WHO Patient Safety Curriculum topics including 'defining patient safety', 'introduction to human factors', 'understanding systems', 'being an effective team player', 'learning from errors', 'understanding and managing clinical risk', 'engaging with patients and carers' and 'improving medication safety'. The programme consisted of two components: two 1 h lectures followed by a 2 h workshop. The lectures were delivered by an expert academic in patient safety and introduced students to the basic concepts of patient safety through a series of case studies based on actual patient experiences. The lecture material was then reinforced through a 2 h workshop that was led by four trained final-year volunteer peer leaders. The workshop began with a scenario, role played by the peer leaders that highlighted a number of events that resulted in a patient being harmed while receiving healthcare. Peer leaders then split the first-year classes into small groups of four to eight first-year students in which, as a peer group, they would deconstruct the incidents through a series of games and exercises. The first-year students were also trained in communication techniques based on the Team Strategies and Tools To Enhance Performance and Patient Safety (TeamSTEPPS) framework 16 and role played scenarios with the peer leaders to practice the techniques. Through the intervention, first-year students were trained in identifying, understanding, reporting and managing risk with a focus placed on developing better communication skills and graded assertiveness when working within a team.
Evaluation
Survey First-year and second-year pharmacy students' patient safety attitudes were evaluated using a previously validated 23-item survey based on the Patient Safety/Medical Fallibility Curriculum Survey developed by Madigosky et al. 5 17 The survey consisted of two sections. The first section contained 17 of the 18 attitudinal items of the original Patient Safety/Medical Fallibility Curriculum Survey, 5 with items related to the reporting of errors split into two items to evaluate attitudinal differences in the presence or absence of patient harm. An additional four items were also included in the survey: an attitudinal item related to peer learning; two items related to questioning more senior healthcare professionals; and one item on patients' role in their healthcare. The second section collected demographic details including gender, age, stage of education, prior healthcare experience and involvement with an incident that resulted in harm or potential harm as a result of receiving healthcare. The survey utilised a five-point Likert-type scale to measure student attitudes, with possible responses ranging from strongly disagree to strongly agree.
Statistical analysis
All analyses were completed using IBM SPSS Statistics V.21 (SPSS Inc, Chicago, Illinois, USA) and AMOS V.21 (Amos Development Corporation, Meadville, Pennsylvania, USA). From the previous validation study of the survey tool, confirmatory factor analysis identified four attitudinal domains which could be measured by the survey: willingness to undertake quality improvement activities (QI), likelihood to internalise errors (IE), willingness to question other healthcare professional's behaviours (QB) and willingness to the open disclosure of errors to patients (OD). 17 Based on the validated factor structure, factor-based weighted sum scores for each of the attitudinal domains were calculated. 18 List wise deletion of cases with missing data was performed to ensure a complete data set for analysis due to student attrition.
Latent growth curve (LGC) modelling was used to analyse the changes in attitudinal scores over time. This method allowed for the analysis of both intraindividual and interindividual changes over time by creating a regression curve based on each student's responses to the survey. 19 A single latent growth model was created using all four attitudinal constructs within one model. Two latent factors per attitudinal construct were estimated: the intercept, which represents the baseline attitudinal score, and the slope, which represents the changes over time. The intercept parameters were constrained to 1 for each attitudinal score to represent baseline scores; however, the values of 0, 2 and 3, respectively, were assigned to the slope parameters to indicate the elapsed time in between each of the three survey time points. The year group in which students were enrolled was included to the model as a time invariant predictor of change to enable the evaluation of the effectiveness of the programme between the intervention group (year 1) and comparator group (year 2). All factor error terms were allowed to co-vary due to the inter-relationships between the original survey items, with non-significant covariance paths removed. The model was evaluated using maximum likelihood estimation with model goodness of fit evaluated by χ 2 , root mean square error of approximation (RMSEA), comparative fit index (CFI) and standardised root mean square (SRMR). 19 
RESULTS

Participant characteristics
A total of 175 first-year and 140 second-year students completed the survey at all three time points, resulting in survey response rates of 70.6% and 54.1%, respectively. As shown in table 1, the demographic characteristics of first-year and second-year students were not significantly different, with the exception of the number of students who were currently employed part-time in pharmacy and the time period they have been working in pharmacy. However, this was not expected to impact the results as the students had been employed for a relatively short period of time on average (2.4 vs 6.2 months), and did not engage primarily in clinical roles (3% vs 13%). Comparisons between demographic characteristics and survey item responses showed that none of the measured demographic characteristics were associated with any of the responses to the survey items. 17 Effectiveness of the intervention Figure 1 shows the full LGC model constructed with reasonable model fit obtained, χ (table 2) highlights a significant improvement in the intervention group's (year 1) attitudinal scores in: being less likely to internalise errors ( p=0.010); more likely to question another healthcare professional's behaviours ( p<0.001); and being more likely to openly disclose an error to a patient ( p=0.008).
From the LGC model, it can be observed that at baseline (represented by ICEPT in figure 1 ) all four attitudinal domains are correlated (covariance ≥0.30). However, correlations that affect changes to the scores that measure these attitudinal domains (represented by SLOPE in figure 1) are quite different. The model illustrates that the intervention has a significant impact on changing three of the four attitudinal domains: IE, QB and OD. Of these three domains, QB and OD are affected by changes to each other, in addition to students' attitudinal changes towards undertaking QI. The model also illustrates that the intervention alone led to significant improvement on IE attitudinal scores. The only attitudinal domain that was not directly affected by the intervention was students' attitudes to QI. Although students' attitudes to this domain did not change significantly as a result of the intervention, strong correlations between changes to QI are related to changes in QB and OD.
DISCUSSION
This study demonstrated that peer-led education is an effective means in improving the attitudes of junior pharmacy students in the principles of patient safety. Of the four attitudinal domains measured, three domains showed statistically significant improvements as a result of the intervention, with inter-relationships between the domains being highlighted as a result of the use of LGC analysis.
A long-term problem affecting patient safety is healthcare professionals internalise errors rather than addressing them. In this study, students' likelihood to internalise errors was evaluated and it was identified that students who received the intervention had a significant improvement in scores, indicating that they were more likely to address an error rather than internalise or ignore the problem. It is noteworthy that the LGC model contains no statistically significant correlations between the slope of this domain and other measured domains, indicating that changes to this domain only occurred due to the intervention. Hence, educational interventions can facilitate a cultural change from errors being internalised or potentially ignored to that of a culture of where errors are actioned. An associated measure of this concept that has been extensively investigated in the literature is attitudes towards incident reporting. The literature highlights that barriers to reporting centre around the fear of an individual being blamed and shamed. 20 However, it is shown that interventions can reduce this safety culture issue and improve reporting. 21 Dudas et al 22 also found that by teaching students to investigate safety issues, their attitudes towards patient safety can be improved, consistent with the results of this study. However, this study is unique as it shows that by training students at the earliest stage of their professional development and by using peers to aid professional socialisation, good practices of addressing an error can be instilled at the earliest stage and potentially become inherent.
Another patient safety area which is of global importance is the open discussion of patient safety issues among healthcare professionals and students, as well as between healthcare professionals and patients. 23 This study evaluated the effect of the intervention on two related attitudinal domains: questioning behaviours of other healthcare professionals and attitudes towards open disclosure. The LGC model illustrates that changes to students' attitudes towards both of these domains were significantly improved as a result of the intervention. In addition, the model highlights significant correlations between the two attitudinal domains as both attitudes are related to communication skills. As part of the education programme, the peer educators were intentionally used in training the junior students in the communication skills component, including skills taught as part of the TeamSTEPPS training. 16 24 The use of peer leaders in training students in this area provided students with a more practical approach to learning these skills and in particular, trained students in these techniques using language that junior students would be able to relate to real-world scenarios.
The only domain that did not change as a result of the intervention was students' attitudes towards undertaking quality improvement activities. In this study, we were primarily evaluating the effect of a single intervention in affecting students' patient safety attitudes at the start of their degree programmes. At this stage, students have limited clinical experience and responsibility, with much of the placement programme in junior years focusing on socialisation into pharmacy practice. 25 During this stage of professional infancy, students are likely to be more idealistic than their more senior peers and unable to contextualise some of the complexities of professional practice. 26 Similarly, other studies of more senior pharmacy students have shown that a short education intervention has a limited effect on attitudes towards implementing quality improvement activities. 27 Instead, the amount of time spent on education and being involved in quality improvement activities was identified to have a greater impact on students being more quality improvement focused. 28 It would, Figure 1 Full latent growth curve (LGC) model evaluating students' attitudes over time. The diagram consists of the four attitudinal domains being measured: willingness to undertake quality improvement activities (QI); likelihood to internalise errors (IE); likelihood to question behaviours of other healthcare professionals (QB); and willingness to the open disclosure of errors to patients (OD). The growth parameters of intercept (ICEPT) and slope (SLOPE) for each of these domains are illustrated in the diagram. The paths that point from these two parameters point to the respective attitudinal scores measured prior to the intervention (T1), immediately after the intervention (T2) and 1 month after intervention (T3). The year group in which students were enrolled (Year Group) was included in the model as a time invariant predictor of change with first-year students representing the intervention group and second-year students representing the comparator group. Residuals related to the measured attitudinal domains (E1-12) and the growth parameters of intercept and slope (D1-8) are also included in the model. therefore, be beneficial for future work to monitor scores to items in this attitudinal domain as students continue their degree programme and intern year (after completion of their degree programme and prior to registration as a pharmacist) to evaluate how increasing levels of clinical exposure and responsibility will affect this domain.
Overall, this study has demonstrated that by using senior students as educators to junior students in patient safety, effective and positive changes to students' attitudes can be achieved. While studies demonstrate that the use of peer education models may not be superior in teaching students theoretical material such as physiology or pharmacology, studies have demonstrated that peer-led models of education are beneficial in training students and practitioners in clinical and practice-based areas like patient safety. 15 29 Through the use of this model of education, senior students have become positive professional practice role models, which has been shown to influence students positively within the formal, informal and hidden curricula. 30 31 Consequently, the net effect is that students will strive to practice in a similar manner of their senior peers, encouraging professional socialisation at an earlier stage in their education. 9 32 In addition to evaluating peer education in changing these attitudinal items, this study has shown that it is possible to train first-year students in patient safety contrary to their lack of professional socialisation. It has been acknowledged in patient safety literature that early commencement of safe practice training is crucial for change. 33 Henderson et al 7 stipulated that having students enter clinical practice with the same safe practice skills as more senior healthcare professionals will ultimately save lives, and hypothesised that a 15-30% change in attitudes will result in a cultural shift. Studies have shown that students and healthcare professionals at different levels all have differing needs to develop professional practice skills. 34 Peer education provides a less hierarchical structure in training students in patient safety, allowing greater student interaction and discussion. This ultimately overcomes many of the barriers faced in educating junior students in patient safety principles. In addition, it may also have the benefit of breaking down students' perceptions of the hierarchical structure of clinical practice, which overall can improve safety culture.
Strengths and limitations
This evaluation study had a number of strengths. First, this study utilised a survey tool that had been previously validated to measure patient safety attitudes of junior pharmacy students. In addition, the large sample size of complete data that was obtained allowed for LGC analysis to be performed. Compared with more traditional analytical methods which only examine variation in mean scores (such as analysis of covariance), LGC analysis is a robust statistical method that enables not only interindividual evaluation but also intraindividual evaluation and allows for correlations to be accounted for in the analysis. 35 However, despite these strengths, there are also several limitations to the study. First, in order to evaluate the full effect of peer-led education, this study would contain three groups of students: an intervention group that received peer-led education, an intervention group that received more traditional education and a control group. However, to be able to undertake a study with three groups, a much larger sample of first-year students would be required to be able to appropriately evaluate the differences between groups. Furthermore, a study design of this type is unlikely to receive human research ethics approval as students not receiving traditional forms of education may be considered to be disadvantaged. An increased number of survey time points would have enabled a more detailed evaluation of the changes in student attitudes over time; however, to minimise student survey fatigue, it was decided that three time points would be sufficient. Finally, the use of repeated surveys as the tool to evaluate the intervention may limit the magnitude of the effect due to surveys not being able to measure real practice. Despite this fact, it would not be feasible to measure actual practice with first-year students due to the relative lack of clinical training. It is, however, encouraging to see that students' attitudes have improved across a number of areas as a result of the intervention. Future studies would benefit by further evaluating the change in attitudes over the duration of the degree programmes and examining students' safety behaviours during clinical experiential learning placements.
CONCLUSION
Overall, this study has demonstrated that peer-led education is an effective strategy in training junior-level pharmacy students in basic patient safety principles and also improving attitudes towards patient safety. Furthermore, the study has also found that a number of students' patient safety attitudes are inter-related and that interventions from an early stage of their education can have a significant improvement on their attitudes towards several patient safety domains. Finally, the study has highlighted the importance of educating students about appropriate error management from an early stage, as it is not only crucial in preventing errors from occurring, but also furthering professional socialisation and generational change in the management of errors. Thus, peer-led education has the potential to be a beneficial method in the training of other junior allied healthcare students in patient safety.
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